Introduction

52
Vitamin B12, one of the water-soluble vitamins, is needed in humans and 
84
The analysis of vitamin B12 in non-fortified foods is challenging due to its 85 low concentration. The typical contents in animal-based foods milk, cheese, meat 86 and liver have been reported to be 0.9, 2.4, 1-2, and 83 µg/100 g, respectively 
92
Although it is a sensitive technique, MBA suffers from poor selectivity and often The protocol for vitamin B12 extraction (as cyanocobalamin) from sample The sample clean-up in the immunoaffinity column "Easy-Extract®" (R- 
UHPLC-MS/MS analysis
235
The mobile phase was modified with 0.5% formic acid instead of 0.025%
236
TFA for the UHPLC-MS study to minimise the ion suppression. The MS analysis 
MS analysis of cyanocobalamin ([M+H]
+ m/z 1356) and pseudovitamin B12 The accuracy of the UHPLC method was studied by determining the 368 recovery of spiked cyanocobalamin from a rye malt matrix. Low levels were 369 chosen to cover concentrations that are possible in the fermented cereal matrices.
370
The added levels were still too low to be detected with UHPLC without The corrinoid in the cell extract, the immunoaffinity purified fermented malt 430 matrices and the pig liver eluted at the retention time of the cyanocobalamin 431 standard (Fig. 2) and had a PDA spectrum (210-600 nm) identical to that of 432 cyanocobalamin (Fig. 3) . Furthermore, the UHPLC-MS/MS analysis revealed that 
UHPLC analysis of vitamin B12 in cells and fermented cereal matrices
457
To the best of our knowledge, we are the first to report vitamin B12 in situ 458 production in cereal matrices with propionibacteria and its analysis by UHPLC.
459
The vitamin B12 content of the P. freudenreichii fermented rye and barley malt (Table 2) . On the other hand, the UHPLC analysis of the fermented 462 malt extract after the immunoaffinity purification revealed a peak in the 463 chromatogram at 3.22 min (Fig. 3A) , i.e., before the retention time of The MBA results of the P. freudenreichii cells were similar to the UHPLC
484
derived results, whereas analysis of the certified reference pig liver (BCR 487) 485 resulted in a 17% higher vitamin B12 content by the MBA (Table 2 ). The vitamin
486
B12 contents determined by the UHPLC were 67% and 63% of the MBA results
487
for the fermented rye and barley matrices, respectively (Table 2) The MBA has been the golden standard method allowing for the 494 determination of low levels of vitamin B12 in foods and biological materials. The developed UHPLC/UV method enabled sensitive and specific  Immunoaffinity purification enabled analysis of vitamin B12 in fermented cereal matrices.
 Active vitamin B12 was produced in cells and cereal matrices by P.
freudenreichii.
 Pseudovitamin B12 could be separated and further identified with UHPLC-MS.
